Trace elements Rats a b s t r a c t
Introduction
Reactive oxygen species (ROS) such as hydroxyl radical (OH), superoxide anion radicals (O
À2
) and hydrogen peroxide (H 2 O 2 ) were produced as a response to ionizing radiation (Ho, Magnenat, Gargano, & Cao, 1998) . Mammalian cells are equipped with both enzymatic and non-enzymatic antioxidant mechanisms to minimize cellular damage resulting from interaction between cellular constituents and ROS (Forman & Fisher, 1998) . Under normal conditions, a delicate balance exists between the generation of ROS and the cellular antioxidant systems. Over production of ROS in both intraand extra-cellular spaces upon exposure of cells to ionizing radiation results in oxidative stress due to the imbalance between pro-oxidants and antioxidants (Dasgupta et al., 1997) . There is a growing interest in the pharmacological evaluation of various plants used in traditional medicine (Pietta, Simonetti, & Mauri, 1998) .
The Aloe vera plant, Aloe barbadanis Miller, family Liliaceae (Lily of the desert) is the most investigated and used of more than 300 species of aloe. It is one of the most-known herbs and has been widely used for centuries. Aloe is commonly known for its tropical use to treat wounds and burns. A clinical trial has demonstrated the usefulness of Aloe vera for the prophylaxis of radiation-induced dermatitis (Saito et al., 2012) . The aloe plant is the source of two herbal preparations: aloe gel and aloe latex. Aloe gel is often called "aloe vera" and refers to the clear gel or mucilaginous substances produced by parenchymal cells located in the central region of the leaf. Diluted aloe gel is commonly referred to as "Aloe vera extract". The gel is composed mainly of water (99%) and mono-and polysaccharides (25% of the dry weight of the gel). In addition aloe vera contains 75 potentially active constituents that include vitamins, enzymes, minerals, sugars, lignin, saponins, salicylic acids and amino acids (Shelton, 1991) . Many investigators have shown that Aloe vera extract induces hepatoprotective effects (Arosio et al., 2000; Chandan et al., 2007) ; protects against heavy metals induce oxidative stress (Gupta & Flora, 2005) ; as well as enhances anti-inflammatory properties (Bezakova, Oblozinsky, Sykorova, Paulikova, & Kostalova, 2005; Wu, 2008) . On the other hand, aloe vera accelerates protection and healing effects against ulcerative colitis (Korkina et al., 2003) ; promotes antioxidant status (Saada, Ussama, & Mahdy, 2003; Lim et al., 2003) and induces immune-stimulation actions (Hart et al., 1990; Im et al., 2010; Peng et al., 1991) .
In view of these considerations, the present study was carried out to evaluate curative effect of aloe vera (A.V.) extract against g-radiation induced some biochemical, histological and trace element changes in rats.
2.
Material and methods
Experimental animals
Male albino rats weighing 150 AE 20 g were obtained from the Egyptian Organization for Biological Products and Vaccines. Animals were kept under good ventilation and illumination conditions and allowed balanced standard diet and water ad-libitum.
Radiation processing
Whole body g-irradiation was performed by using 137 Cs, biological irradiator source (g-Cell-40) located at the NCRRT, Egypt. The cesium source provides a dose rate of 0.61 Gy/min. at the time of the experiment. Animals were exposed to whole body gamma-rays at a dose of 5 Gy as a single dose.
Extraction of Aloe vera
Fresh stems of Aloe vera were washed thoroughly to get rid of all forms of debris. The leaves were then sliced longitudinally to cut open the inner part of the leaves. The gel in the leaves was scrapped into a beaker and blended to obtain a finer and liquefied form of the gel, the aloe juice. The juice was refrigerated below 4 C for preservation (Safer, Crawford, & Holick, 2005) .
Experimental design
After adaptation period for one week, animals were categorized into four groups, each of six rats. Group 1: control, nonirradiated. Group 2: received A.V. gel extract, 300 mg/kg body weight orally aloe vera gel (Rajasekaran, Ravi, Sivagnanam, & Subramanian, 2006) daily for 28 consecutive days. Group 3: were exposed to a single dose of whole body g-irradiation (5 Gy). Group 4: received A.V. extract (300 mg/kg body weight) daily for 21 consecutive days, then exposed to g-irradiation (5 Gy), followed by treatment with A.V. extract (300 mg/kg body weight) daily for 7 consecutive days. Rats were sacrificed after 7 days of g-irradiation.
Biochemical analysis
Liver GSH was estimated according to Beutler, Duron, and Kelly (1963) . The lipid peroxidation products were estimated as TBARS according to Yoshioka, Kawada, Shimada, and Mori (1979 and metallothionein levels were determined by Ag-saturation hemolysate method according to Scheuhammer and Cherian (1986) and Bienengrä ber, Forderkunz, Klein, and Summer (1995) . Trace metals were determined in Aloe vera extract, blood, liver and intestine tissues after digestion in pure concentrated nitric acid and hydrogen peroxide at 5:1 ratio (IAEA, 1980, p. 397) , sample digestion was carried out using Milestone MLS-1200 Mega, High Performance Microwave Digestor Unit (Italy). The selected metals were estimated using UNICAM 939 Atomic Absorption Spectrometry (England), equipped with deuterium background correction. All solutions were prepared with ultra pure water with a specific resistance 18 U cm
À1
, obtained from ELGA, Ultra Pure Water Station (England). The biochemical assay was achieved using Helios g UV/VIS Spectrophotometers.
Histopathology of liver
After the animals were dissected, small pieces of liver were washed and fixed in 10% (v/v) buffered formalin. Fixed samples were processed in an alcohol series, embedded in paraffin blocks and cut sections were stained with haematoxylin and eosin according to standard histological techniques.
Statistical analysis
Student's t-test was applied for the statistical analysis of collected data to determine the probable level of significance. The differences were considered significant at P 0.05 (Byrkit, 1980, p. 275 ).
Results

3.1.
The effect of A.V. administration on oxidative stress in hepatic tissues (Table 1 ) Table 1 shows that there was a significant (P 0.05) decrease in glutathione content and a significant increase in TBARS, the lipid peroxidation indicator in liver tissue, in irradiated group and irradiated A.V. treated group compared to control. Nevertheless, irradiated treated group (Rad. and A.V. ex)
showed a significant increase in glutathione content and a significant decrease in lipid peroxidation compared to irradiated group. Pronounced induction of MT due to aloe vera treatment alone compared to control and via treatment of irradiated rats with aloe vera gel was observed compared to control and irradiated groups.
3.2.
The effect of A.V. administration on essential trace elements levels in blood, liver and intestine ( Fig. 1) Aloe vera administration led to a significant elevation in Cu and Zn levels of liver tissue as well as in Fe and Cu levels of intestine tissue, while it decreased blood Cu concentration compared with control. Irradiated rats manifested increase in Fe and Zn in liver and intestine while they suffered from lowering in Cu levels of blood, liver and intestinal tissues.
Irradiated group treated by A.V. extract exhibited significant decrease in the metals in blood comparable to control with decrease in its levels of Fe and Zn compared to irradiated group. At the same group, Fe and Cu concentrations in liver and intestine tissues restore normal levels. Moreover, Zn levels in the liver tissue decreased comparison to control and irradiated group, also it decreased in intestine tissue compared to irradiated group. Fig. 1 . Table 2 shows the considerable amounts of essential metals identified in Aloe vera extract.
Discussion
Irradiation induced elevation of malondialdehyde (MDA), a product of lipid peroxidation. The increase in the degree of lipid peroxidation is a well known mechanism of liver damage (Tribble, Aw, & Jones, 1987) . Radiation also induced significant depletion in GSH concentration. Morcillo, Rucandio, and Santamaria (2000) attributed the increase in lipid peroxidation level after irradiation to the free radical production which inhibits the antioxidant enzyme activities. Glutathione plays an important role in the detoxification of reaction metabolites and in regulation of cellular redox balance. The depletion in GSH may be attributed to the enhanced utilization of the • Each value represents the mean ± SE, n = 6. * Significant difference when comparing with the value of control rats. # Significant difference when comparing with the value of irradiated rats.
antioxidant system as an attempt to detoxify the free radicals generated by irradiation or to the diminished activity of glutathione reductase due to the deficiency of NADPH, which is necessary to change oxidized glutathione to its reduced form (Pulpanova, Kovarova, & Ledvina, 1982) . On the other hand, Dahm, Bailie, and Roth (1991) attributed the decrease in liver GSH to the inhibition of GSH efflux across hepatocytes impaired cellular membrane. There was an inhibition in MTinduction due to radiation exposure; MT is an intracellular protein with high affinity for essential metals as Zn and Cu (Kagi, 1993) and free radical scavenging (Cherian & Chan, 1993; Sato & Bremner, 1993) . Aloe vera administration alone or as a treatment against radiation damage highly increased MT induction; it also inhibited the lipid peroxidation level in irradiated rats compared with irradiated group. Aloe vera may activate the endogenous antioxidant enzyme systems which play a vital role as immune system enhancers and in the management of oxidative stress (Ozsoy, Candoken, & Akev, 2009 ). It was reported that internal administration of aloe leaf extract elevates liver antioxidant enzymes in mice (Singh, Dhanalakshmi, & Rao, 2000) . Rajasekaran, Sivagnanam, and Subramanian (2005) and Lim et al. (2003) demonstrated that aloe vera extract is clearly an inducer of antioxidant enzymes by decreasing MDA formation in liver, suggesting its role in protection against pro-oxidant-induced membrane and cellular damage, through enhancing microsomal and cytosolic protein, indicating the possibility of its involvement in the induction of protein synthesis.
Radiation induced significant alterations in the levels of metalloelements in liver tissues. Previous irradiation studies have revealed marked alterations in trace elements metabolism (Kotb, El-Khatib, Morsey, Ramadan, & El-Bassiouni, 1990; Nada, Gharib, Noaman, & Amin, 2008) . Trace elements are either integral parts of enzyme molecules or act as accelerators or inhibitors of enzymatic reaction (Underwood, 1977) . Recognizing that loss of essential metalloelement-dependent enzyme activity may at least partially account for lethality of ionizing radiation and that Cu, Fe, Mn and Zn dependent (Fig. 2) . j o u r n a l o f r a d i a t i o n r e s e a r c h a n d a p p l i e d s c i e n c e s 6 ( 2 0 1 3 ) 3 1 e3 7
enzymes have roles in protecting against accumulation of O À2 ) and hydrogen peroxide (H 2 O 2 as well as facilitating repairs (Sorenson, 1978) . On the other hand transition metals can lead to accelerate lipid oxidation reactions by hydrogen abstraction and peroxide decomposition, resulting in the formation of free radicals (Ozsoy et al., 2009) . In the present work it was observed that the accumulation in hepatic iron meet elevation in lipid peroxidation level together with inhibition in GSH and MT levels after irradiation. It is well known that radiation induced changes in hematological parameters such as reduction of red blood cell counts, hemoglobin concentration and hematocrit (Noaman & Gharib, 2005) may explain the decrease in the essential metals in blood via radiation exposure and the increase in Fe and Zn levels in liver and intestinal tissues. Halliwell and Gutteridge (1990) reported that exposure to ionizing radiation leads to generation of free radicals, which increases lipid peroxidation and also enhances the degradation of hemoglobin, ultimately leading to increase in free cytosolic pool of iron, which acts as a secondary initiator. Kotb et al. (1990) suggested that accumulation of liver iron may result from disturbances in biological functions of red blood cells. The antioxidant role of zinc could be related to its ability of induce metallothionein (MTs) (Winum, Scozzafava, Montero, & Supuran, 2007) . Despite of the decreasing of Zn level in liver tissue in the irradiated treated group by aloe vera gel, very high level of MT-induction occurred. There is increasing evidence that MT can reduce toxic effect of several types of free radicals including superoxide, hydroxyl and peroxyl radicals (Pierrel, Cobine, & Wing, 2007) . Nada et al. (2008) suggested that redistribution and acceleration of zinc metabolism have stimulated the defense mechanism against radiation damage. The depression in hepatic copper after irradiation might be due to the excess of its utilization via coproenzymes (Kotb et al., 1990) or due to de novo syntheses of Cu-SODs and catalase which prevent the formation of O À2 ) and hydrogen peroxide (H 2 O 2 and hydroxyl radicals associated with irradiation (Fee & Valentine, 1977) . Summers, Maves, Reeves, Arjes, and Oberley (1989) attributed the copper depression to the radiolytic loss of essential metalloelements cofactors which account for the 20% loss of both Cu-dependent and Zn-dependent SODs in rats following irradiation.
The present study revealed that long term administration of aloe vera extract for 21 days before irradiation and 7 days post irradiation, exhibited protective effects on the tested parameters. Aloe vera extract has a beneficial effect on irradiated damaged liver cells that minimize lipid peroxidation and improve antioxidant enzyme activities of irradiated rats. This could be attributed to the biologically active constituents in aloe vera extract such as alonin, magnesium lactate, aloeemodin, barbalion and succinic acid (Hirata & Suga, 1977) . Thus the antioxidant effect of aloe vera gel extended from its ability to improve the absorption of both, vitamin C and vitamin E (Vinson, Al Kharrat, & Andreoli, 2005) . On the other hand, Choi and Chung (2003) and Eshun and He (2004) reported that the multiplicity of the biological activities of aloe vera has been attributed to the variety of its chemical components including anthraquinones, glycoproteins, polysaccharides, vitamins and enzymes.
The gastrointestinal tract is, after the bone marrow, the most sensitive organ to the effects of radiation (Dalla, 1968) . McKenzie, Baker, Buffinton, and Doe (1996) suggested that the prooxidative imbalance created by the over production of ROS can directly enhance intestine injury. The present work exhibited improvement of the essential metals in the intestine of irradiated rats treated with aloe vera extract compared with irradiated rats; restored the normal levels. According to Langmead et al. (2004) , aloe vera gel when ingested twice daily for 4 weeks, seems to have therapeutic effects in inflammatory bowel disease. Several essential trace elements were identified in aloe vera extract (Bezakova et al., 2005) . Saada et al. (2003) concluded that the synergistic relationship between the elements found in the leaf of aloe vera extract could be a useful adjunct for maintaining the integrity of the antioxidant status.
The glutathione protects hepatocytes by combining with the reactive metabolites induced by irradiation, thus preventing their covalent binding to liver protein. We suggested that the aloe vera extract pretreatment may limit the depletion of GSH and the severity of the oxidative stress by preventing the protein adduct formation, thereby protecting liver protein. Sabeh, Wright, and Norton (1993) identified that parenchymal leaf gel of aloe vera plant contains glutathione peroxidase activity; it also contains one atom of Se per subunit as found with most glutathione peroxidase from animal sources. Aloe vera contains, in addition, vitamins A, C, E, B12, folic acid and choline as well as minerals as calcium, chromium, copper, selenium, magnesium, manganese, potassium, sodium and zinc (Surjushe, Vasani, & Saple, 2008) .
Exposure of animals to ionizing radiation causes injury to blood vessels provoking anoxia of tissues with degeneration and necrosis of hepatic parenchyma (Jirtle, Ancher, & Alati, 1990) . In addition, cytoplasmic changes including swelling, vacuolation and alteration of the various components of the plasma membrane were seen (Majno & Joris, 1996) . Histological damage to hepatocytes due to irradiation might be explained on the basis that radiation induced depletion in glutathione contents and increased lipid peroxidation which caused cell membrane damage (Saada, Azab, & Zahran, 2001; Said, Rezk, & Saada, 2005) . Radiation also produced changes in the composition of lipid membrane (Fonck, Scherphof, & Konings, 1982) . These changes alter membrane fluidity (Schachter, 1984) . Once membrane fluidity is altered, mobilization of fats materials from adipose tissue and liver to the blood stream caused a hyperlipidemic state (Paulikova & Sedelokova, 1988) . The results exhibited decrease of blood Fe and Cu via radiation exposure. The hematopoietic system is exquisitely sensitive where the acute exposure to radiation causes a sequence of changes that lead to disturbance in the red blood cells function including intravascular hemolysis (Kotb et al., 1990) and decrease in the erythrocytes (John & Gray, 1992) . Irradiated rats treated with aloe vera, showed improved hepatic architecture with normal central vein and improved cell membrane. Treatment with aloe vera showed normal spherical nuclei, prevented pyknotic nuclei (apoptosis) features and many cells undergoing mitotic division were seen. Aloe vera conferred significant protection against radiation induced hepatotoxicity as well as histological and biochemical changes (Arosio et al., 2000; Chandan et al., 2007; Rezk, 2005; Matsuda et al., 2008) .
In conclusion, aloe vera gel extract when given pre-and postirradiation successfully improved the effect of radiation-
induced oxidative stress in liver tissue represented by minimizing the lipid peroxidation process, enhancing of GSH content and increasing the MT-induction. Also it could improve Fe and Cu concentrations in liver tissue and has a good effect on the essential trace elements of intestinal tissue of irradiated rats. r e f e r e n c e s
